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1. Title of Invention 

Spark plug 

2. Claim 

(1) A spark plug comprising: 
a center electrode, 

a ground electrode opposed to a discharge surface of said center electrode 
and inclined inward with respect to an axis of said center electrode to form a 
spark discharge gap between said center electrode and said ground electrode, 

a ball-shaped tip made of a noble metal or its alloy and bonded on the 
discharge surface of said center electrode, and 

a plate tip made of a noble metal or its alloy and bonded on a discharge 
surface of said ground electrode. 

3. Detailed Description of the Invention 

The present invention relates to an improvement of a spark plug used in 
an internal combustion engine. 

One of conventionally known spark plugs is a so-called inclined electrode 
type spark plug according to which a spark discharge gap is formed between 
a distal end (i.e., discharge) surface of a center electrode and a side surface of 
a ground electrode which protrudes from a mounting bracket and inclines 
inward. This kind of spark plugs have excellent ignitability because of small 
frame-out function and smooth outflow of mixture gas. 

Furthermore, it is also well known that a platinum, an alloy of platinum 
and its family metal, a Au-Pd alloy or the like have excellent corrosion 
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resistance and excellent spark exhaustion resistance. To improve the durability 
of spark discharge surfaces, these metals are preferably used as noble metal tips 
fixed on the spark discharge surfaces. 

From the recent requirements of energy saving, improving the ignitability 
of an internal combustion engine is inevitable. Furthermore, from the viewpoint 
of maintenance free technique, improving the durability of an internal 
combustion engine is inevitable, too. 

However, from the point of economical reasons, if the noble metal tip is 
configured into a thin plate shape welded on the spark discharge surface of an 
electrode of a spark plug, the exhaustion of the electrode will occur as shown 
in Fig. 1. The exhaustion will develop deeply beyond a thin-plate tip 10 into a 
base material 1 of the center electrode which is made of a nickel alloy or the 
like. The erosion of the center electrode leaves a slant surface parallel to the 
inclination of a ground electrode 5. This is generally referred to as abnormal 
exhaustion 1', according to which the expensive noble metallic tip material is not 
used effectively. 

To solve this problem of the prior art, the present invention has an object 
to provide a spark plug which is characterized by a ball-shaped noble metal tip 
fixed on a distal end of the center electrode. The spark plug of the present 
invention prevents the center electrode base material from being subjected to 
abnormal exhaustion and accordingly assures excellent durability. 

Hereinafter, a preferred embodiment of the present invention will be 
explained with reference to the attached drawings. 

Fig. 2 is a cross-sectional view showing an essential arrangement of an 
igniting portion of a spark plug in accordance with the preferred embodiment 

of the present invention. 

The spark plug comprises the conventional center electrode base material 
1 made of a nickel alloy, a stainless steel or any other metal having excellent 
heat resistance as well as excellent corrosion resistance. In general, the center 
electrode base material 1 includes a copper core embedded therein. A distal end 
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la of the base material 1 is tapered into a thin portion. A noble metal tip 2, 
made of a platinum, or an alloy of platinum and its family metal (Ir, Ru, Rh 
etc.), a Au-Pd alloy, a pure Ir or the like, is welded to the center of the distal 
end la of base material 1. The noble metal tip 2 is configured into a ball shape. 
A ceramic insulator 3 has an axial hole for securely supporting the center 
electrode. A mounting bracket 4 surrounds the ceramic insulator 3 for airtightly 
fixing the ceramic insulator 3. A ground electrode 5 is welded to an annular end 
surface of the mounting bracket 4. A thin plate tip 6 is welded on a side 
surface of the ground electrode 5. The thin plate tip 6 is opposed to the noble 
metal tip 2 fixed on the distal end la of base material 1. The thin plate tip 6 
is made of the same material as that of the noble metal tip 2. The ground 
electrode 5 is bent inward at a predetermined portion so as to incline toward 
the center electrode. A spark discharge gap 7 is formed between the noble metal 
tip 2 and the thin plate tip 6. 

Formation of the spark discharge gap is not limited to only one. It is 
therefore preferable to provide two or three spark discharge gaps so as to 
improve the durability and ignitability of the spark plug. 

According to the arrangement of the spark plug in accordance with the 
present invention, the exhaustion of electrode base material occurs as shown in 
Fig. 3. Namely, the ball-shaped noble metal tip 2 is welded on the distal end 
of the center electrode base material 1. During the spark discharge, the ball- 
shaped noble metal tip 2 is chiefly exhausted or worn out in such a manner that 
the exhaustion 2' develops along a slant surface parallel to the inclination of the 
ground electrode 5. In other words, the spark plug in accordance with the 
present invention can surely prevent the center electrode base material 1 from 
being subjected to the abnormal exhaustion. For the purpose of improving the 
erosive durability of the base material, it is preferable that a taper angle of the 
thin portion of the base material 1 is equal to or larger than the inclination angle 
of the ground electrode. 

Next, a useful bonding method of the ball-shaped noble metal tip in 
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accordance with the present invention will be explained with reference to Fig. 
4. First, as shown in Fig. 4(-f ), the tapered portion is formed at the distal end 
la of the center electrode base material 1 which is made of a nickel alloy. A 
spherical recess lb is formed at the center of the distal end la. A radius of 
spherical bore lb is smaller than that of ball-shaped noble metal tip 2. Then, as 
shown in Fig. 4(n), the center electrode base material 1 is firmly clamped by 
a chuck 'A' of an electric welding machine. The ball-shaped noble metal tip 2 
is placed in the recess lb. The ball-shaped noble metal tip 2 is brought into 
contact with the recess lb along an annular edge line Ic of the recess lb. Then, 
a chuck 'B' is lowered from the above. While the chuck 'B' presses the ball- 
shaped noble metal tip 2 downward, electric current flows between the chucks 
'A' and 'B'. Due to heat generation at the contact surface between the ball- 
shaped noble metal tip 2 and the recess lb, a fused layer 8 is formed along the 
spherical surface of the ball-shaped noble metal tip 2 as shown in Fig. 4(/^). 
According to this welding method, a welding surface can be increased. It 
becomes possible to assure a practically required bonding strength. Furthermore, 
to enhance the bonding strength, it is desirable to increase the depth of spherical 
bore lb so that a half of the tip 2 or more sinks in the recess lb. 

As described above, the spark plug according to the present invention 
comprises the ball-shaped tip which is made of a noble metal or its alloy and 
bonded on the discharge surface of the center electrode. Furthermore, the spark 
plug according to the present invention comprises the plate tip which is made 
of a noble metal or its alloy and bonded on a discharge surface of said ground 
electrode. Thus, it becomes possible to effectively prevent the center electrode 
from being subjected to the abnormal exhaustion, and also it becomes possible 
to stabilize the spark discharge. Accordingly, it becomes to assure excellent 
durability of a spark plug. 

4. Brief Description of Drawing 

Fig. 1 is a cross-sectional view showing exhaustion of an electrode of a 
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conventional spark plug. 

Fig. 2 is a cross-sectional view showing an essential arrangement of an 
igniting portion of a spark plug in accordance with a preferred embodiment of 

the present invention. 

Fig. 3 is a cross-sectional view showing exhaustion of an electrode of the 
spark plug in accordance with the preferred embodiment of the present 
invention. 

Fig. 4 is a cross-sectional view explaining the processes of a bonding 
method of a ball-shaped noble metal tip. 
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